Worldwide late Pleistocene terrestrial mammal faunas are characterized by stratigraphic associaiicns of species that now have exclusive geographic ranges. These have been interpreted as either taphonomically mixed or representative of communities that no longer exist. Accelerator mass spectrometry 14C dates (n = 60) on single bones of stratigraphically associated fossil micromammals from two American and two Russian sites document for the first time that currently allopatric mammals occurred together between 12,000 and 22,000 yr B.P. on two continents. The existence of mammal communities without modem analogs demonstrates that Northern Hemisphere biological communities are ephemeral and that many modern biomes are younger than 12 ka. Future climate change may result in new nonanalog communities.
INTRODUCTION
Late Pleistocene terrestrial mammal faunas are characterized by the stratigraphic association of extant species that do not currently live together (Figs. 1 and 2). Because there are no modem counterparts, these faunas have been described as nonanalog (Graham and Mead, 1987) , disharmonious (Sernken, 1988; Lundelius, 1989) , intermingled (Graham, 1985) , mixed (Markova, 1992) , or extraprovincial (Roy et a]., 1995) . If these fossil associations are not taphonomic artifacts, they represent ecological conditions fundamentally different from those of today and raise intriguing questions about the response of biotas to climate change.
Nonanalog Pleistocene fossil mammal faunas are recorded worldwide, including Russia (Markova, 1992) , Poland (Nadachowski, 1989) , Australia (Lundelius, 1989) , Siberia (Borodin, 1996) , and South Africa (Klein, 1994) . Holocene faunas, except some from South America (Simonetti, 1994) , characteristically are analog, or nearly so. Although nonanalog associations are most commonly cited in the mammal literature, they are also reported for fossil birds (Emslie, 1985) , reptiles and amphibians (Holman, 1985) , pollen (Overpeck et al., 1992) , plant macrofossils (Baker i t a]., 1993), insects (~s hworth, 1996) . and molluscs (Miller et a] ., 1994).
ACCELERATOR MASS SPECTROMETRY 14C DATES APPLIED TO PLEISTOCENE MICROMAMMALS
Absolute I4C dating of individual fossil specimens is the best method to test whether nonanalog species associations are taphonomic artifacts without biological implications or if they are evidence of communities dramatically different from those of today. Taphonomically mixed specimens would differ si,gificantly in geologic age (-500-1000 yr); conversely, overlapping radiocarbon dates'at 2 o or less on individual specimens, even with taphonomic disturbance. would document contemporaneity. Taxa chosen for I4C dating (Table I) cene nonanalog faunas. The beautiful armadillo (Dasypm bellus) is the only extinct taxon; however, it is considered subspecific with, and physiologically similar to, the living subtropical ninebanded armadillo (D. novemcinctrcr; Klippel and Parmalee, 1984) . The tundra-boreal forest-edge yellow-cheeked vole (Microtusxanthognathus) is the most northern species dated from America. Today, this vole is separated (Fig. 1 ) by 1400 km from the eastern woodrat (Neotoma floridana complex) and by 2400 km from the nine-banded armadillo. The only dated species discussed that are sympatric with each other today ( Fig. 1) are the plains pocket gopher (Geomys bursarius) and the eastern woodrat, both of which co-occur only in the prairie-forest ecotone. In the Russian local faunas (Fig. 2) , two tundra species, the Siberian lemming (Lemmus sibiricus) and the pied lemming (Dicrostonyx gulielmi near D. torquatus), are separated at present from steppe taxa, the ,my hamster (Cricetulus migratorius), steppe lemming (Lagurus lagurus), and spotted suslik (Spermophil~is suslicus) by at least 1000 km. Requirements for fossil mammal specimens selected for dating were that: (1) taxa have distinctly different modem biogeographical and ecological parameters; (2) fossils are readily identifiable to species or species complex; and (3) specimens could be attributed to different individuals. At Cheek Bend Cave, the armadillo osteoderms (armor) and some pocket gopher remains may represent single individuals, but this is unlikely because of recovery from separate levels. Dating single osteological elements eliminates the need to combine specimens of potentially dissimilar age to achieve an adequate sample. All I4C ages here are on collagen hydrolyzates highly purified with XAD@ (~taffordet al., 1,991). Samples were combusted and converted catalytically into graphite and then analyzed at the Lawrence Livermore National Laboratory Center for Accelerator Mass Spectrometry. Advances in chemical pretreatment and accelerator physics now yield accurate radiocarbon measurements with precisions of 0.6%-0.8 %over the past 30 k.y. on specimens as small as a mouse tooth.
The iwo American ( Fig. 1 ) and two Russian (Fig. 2 ) sites selected for I4C dating are welldocumented localities with characteristic nonanalog species. Both American sites are now in the eastern deciduous forest (Bailey, 1981) . Peccary Cave, in the Ozark Mountains of Arkansas, was excavated in 30 cm arbitrary levels within 1 m squares. Specimens were selected from stratigraphic unit CI trench 15, squares 9 and 10, because this sample produced the greatest number of micromammal species (33) within the deposits (Semken, 1984) . At Cheek Bend Cave, on the Highland Rim of central Tennessee, three contiguous 1' x 2 m test squares were excavated in 10-cm-thick levels within natural stratigraphic units (Klippel and Parmalee, 1984) .
Stratum II, the second lowest, yielded 23 micromammal species. The three most ecologically distinct species (yellow-cheeked vole, plains pocket gopher, and beautiful armadillo) from both Peccary and Cheek Bend caves represent boreal forest, temperate steppe, and subtropical parkland environments, respectively.
The Russian cave, Dyrovaty Kamen, in the coniferous forest of the south taiga on the westem slopes of the middle Urals (Fig. 2) , was sampled by a 1 m2 test excavation (Smimov, 1995) . A 10 cm increment within the brown loam horizon produced 10 micromammal species, including the tundra-dwelling pied lemming with temperate steppe-dwelling gray hamster and steppe lemming. The second Russian site, Khototylevo 2, on the Russian plain, contains mammoth remains with Paleolithic artifacts buried in Desna River alluvium. This bone bed, level 7, yielded five micromammal taxa including two tundra species (Siberian and pied lemmings) and the temperate steppe-living spotted suslik (Markova, 1982) .
CONTEMPORANEITY OF NONANALOG PLEISTOCENE MICROMAMMALS
At Cheek Bend Cave, taxa from steppe, deciduous forest, and tundra-boreal forest environments were contemporaneous at 1 (3 for three specific times: 14,050, 14,120 and 14,420 yr B.P. (Fig. I) and beautiful armadillo (14,020 r 80 yr B.P.). In the second series, these three taxa are documented together at 14,120 yr B.P. The third and oldest set confirms the contemporaneity of the yellow-cheeked vole (14,410 + 70 yr B.P.), plains pocket gopher (14,440 + 70. 14,420 + 70, 14,440 + 70 yr B.P.), and beautiful armadillo (14,430 + 60. 14,430 + 60 yr B.P.).
Of the 22 Peccary Cave dates (Fig. 1) . 20 are evidence that contemporaneous nonanalog faunas existed between 16,000 and 17,250 yr B.P. Dates on mammals with the -matest modem ecological dissimilarity juxtapose the boreal forest-tundradwelling yellow-cheeked vole (16,415 2 125 yr B.P.) and the boreal-dwelling heather vole The accelerator mass spectrometry dates (Fig.  2) . on two nonanalog species from Dyrovaty Kamen Cave document overlapping ages at 2 o §sample numbers refer to university of Arizona NSF Facillty for Radioisotope Analysis (AA) and to Center for Accelerator Mass Spectrometry, Lawrence Livermore National Laboratorv (CAMS).
for the pied lemming (12,820 -F 60 yr B.P.) and the steppe lemming (12,6 10 -c 60 and 12,620 ? 60 yr B.P. The final consideration for interpreting our data as direct evidence for contemporaneity is the existence of radiocarbon plateaus. The 14C calibration curve is affected by periods of differing atmospheric 14C/12C ratios. During the Pleistocene-Holocene transition, these l4C/I2C ratios fluctuated sharply at times. The resulting radiocarbon plateaus are intervals where samples with identical I4C dates could differ in calendar ages by as much as 600 yr. Although the detailed calibration curve for ages older than 10,000 yr B.P. is still being determined (Goslar et al., 1995; Hughen et al., 1998) , the only plateau of concern here is the one between 12,100 and 12,600 I4C yr. B.P. (13.8-15 ka). At least three and possibly all Dyrovaty Kamen specimens could be anywhere within this 12,100-12,600 yr B.P. plateau.
They are contemporaneous within these limits. No other date reported here is within any known plateau (Kitagawa and van der Plicht, 1998) .
CONCLUSIONS
Our data confirm that some nonanalog mammal faunas represent unique late Pleistocene communities in North America and Europe. While taphonomic agents undoubtedly can create nonanalog associations, biological explanations must be considered whenever and wherever nonanalog faunal associations are encountered (Faunmap Working Group, 1996) . Nonanalog mammal communities vary geographically and do not imply uniform late Pleistocene conditions. Climates, environments, and faunas varied regionally then as now (Graham and Mead, 1987) .
However, nonanalog faunas document individualistic species response to fluctuating climates (Faunmap Working Group, 1996) and reinforce the ephemeral nature of communities. Ongoing climate change may result in new biotic communities; conservation plans must consider future biotas with currently unknown species associations (Graham and Grimm, 1990) .
